In this manuscript are described and evaluated processes in cutting zone during machining process by turning based on the results of the multifunction measuring system. This system consists of three different measuring units, which allow to measure and monitor processes in the cutting zone, such as size of components of cutting force, temperature field and its evolution during the cutting process, etc. The results as the data from each unit of multifunction measuring system provide detailed and comprehensive information about processes in cutting zone during the machining and they help to better knowledge of processes in cutting zone during the machining.
INTRODUCTION
Understanding of processes in cutting zone is base of proper understanding of the actual machining process, which serves as a springboard for more and more required improving and optimizing of machining.
Development of new technologies in the field of multimedia and IT technology allows closer monitoring of the cutting zone. Dynamometer with digital output allows for better processing of measured data on the computer. Thermo-vision systems allow a better understanding of the occurrence and spread of heat in the cutting zone. High-speed cameras allow to record and then slow down recorded entry of deformation and dynamic processes in the cutting zone so, that they are visible in "real time" on the computer screen.
MULTIFUNCTION MEASURING SYSTEM
The current trend in monitoring of processes in the cutting zone is focusing on the use of new modern technologies and combining them into multifunctional measurement systems. This reduces the costs of experiments and especially by the synchronizing of studied processes can be deduce relations between processes occurring in cutting zone during the machining process.
This system is inspired by multifunction measuring system used in research of National institute for standards and technologies (USA), but it is adapted for conditions of examined materials and processes. [6, 7] System allows measuring the temperature in the cutting zone, components of cutting force simultaneously and their progress in real time and monitoring of formation and shape of chips by high-speed camera. This camera allows visual evaluating the size of deformations in the cutting zone in the formation of chip. 
Stand of multifunction system
For correct fit, and alos manipulation and focusing to cutting zone macro-stand was designed. This stand is mounted on the lathe support in order to ensure that the camera will move with cutting tool. As a construction material was chosen Dural -aluminum alloy, because its mechanical properties ensure that it can better filter out vibrations from the machine.
Figure 2 Schematic visualization of macro-stative
The base of stand is bottom plate with handles, by which a stand is mounted to the lathe support. In this plate is dovetail groove in which is placed the slider, which sets the radial location of the camera. On this slider is placed next one. With this slider is adjusted the camera position in the axial direction. On the left side, in the slot is placed groove for the third slider to ensure proper position of the camera in a vertical direction perpendicular to the plane of the machine support so that the camera is perpendicular to the observed surfaced and also in same plane with the cutting tool. In third slider is attached the camera. The shift of slider in each slots is realized by screws with fine thread.
CUTTING CONDITIONS OF EXPERIMENTS
Because in all experiments were evaluated the formation and shape of chip, it was necessary to ensure that itself formation of chip does not affected no way by cutting tool or insert.
In the experiments, there were used grooving tool STFCL 2525M 16 and exchangeable insert TCMW 16-160700 (Figure3).
Figure3 Cutting tool STFCL 2525M with exchangeable insert TCMW 16-160700
In all experiments was used universal lathe SUI 40 ( Figure 4 ).
Figure 4 Universal lathe SUI 40

Free cutting
In order to get closer to the area of the cutting zone so called free cutting was chosen as the machining process, which guarantees the leaving of chip in opposite direction to the action of the tool ( Figure 5 ).
Figure 5 Schematic view of free cutting when turning [1]
Cutting conditions were selected with respect to the studied materials being approximated as possible to real conditions of production (Table 1) .
All experiments were conducted without using of cutting fluid, because it would be impossible to capture by thermo-vision system. Samples from each material had to be modified for turning condition, as shown in Figure 6 .
Before the experiment, the front surface of the samples was brushed, polished and finally etched in order to more closely follow deformation processes of the material. Figure 6 Schematic view of general sample
Materials in experiments
In this research materials for experiments were selected to represent the current state of machining and new trends in the choice of new materials.
The current state of engineering industry shows, that most working material is steel.
With the continuous development of new technologies as well as increasing requirements on the material resistance to mechanical shocks, high temperatures etc., nickel and titanium alloys come to the forefront.
42 CrMo 4
Steel 42 CrMo 4 was chosen as a representative of the largest group currently machining materials. In the refined state, this material can reach the tensile strength to nearly 1200 MPa, which improves the observation of deformation processes in the cutting zone during the machining process.
EN-GJL-100
This gray cast iron was chosen to the group of tested materials because of its toughness and strength. Pro-perties of this material allow more thorough understanding of the deformation occurring in the cutting zone.
Ti-Gr2
Titanium alloys are popular material where strength is required, while lightweight construction. Due to its biocompatibility is largely used in the healthcare industry and biomedicine.
Monel Alloy 400
Nickel alloys as well as titanium alloys have a future especially in the ever-growing aviation and aerospace industry. The requirements for heat resistance and creep resistance are the main reason why along with titanium alloys are increasingly enforced.
COMBINED CAPTURES OF VIDEO-OUTPUT FROM MULTIFUNICTION MEASURING SYSTEM
Data obtained from individual processes during the experiments have a direct relationship with each other because they were obtained simultaneously in a single machining process.
In this case it is especially a waveform record of cutting forces, the time course of development of temperature field and visual records of deformation phenomena during the machining process.
The measured data were then processed on a computer to video clips that show how individual phenomena associated with each other in cutting zone.
Figure 7 Deployment of monitored processes in the video output of multifunctional measuring system
In Figure 7 is schematically shown the output of multifunctional measuring system. In the upper left corner is a visual record of high-speed camera. In the top right corner is thermo-graph -respectively thermographic time course of thermo-vision system (this is slowed down for high-speed camera frame rate). At bottom of video output is placed waveform of components of cutting force on the left and graphic time course of development of average temperature in cutting zone.
Thermo-graphic movie, graphic time courses of components of cutting force and average temperature in the cutting zone are slowed down to the frame rate of high-speed video. Subsequent control of the movie runs via video player on the computer where it is possible stop or play at any time and so directly to demonstrate the expected dependences and relations between the monitored processes occurring in the cutting zone during the machining process.
Evaluation of video outputs
In Figure 8 are selected frames from turning of steel 42 CrMo 4. On the first frame it is possible to see the state of system just before to intrusion of cutting tool to action. As can be seen on the next slide, tool in cutting process creates a chip that is short due to various oscillations.
After stabilization of the cutting process (3 rd frame) it can be see continuous creation of flat spiral chip. The 3 rd frame image can also see a slight tendency to form builtup edge, which had showed moderate fluctuations of the components of cutting force during the machining process.
On the last frame can be see the state just before abandonment of cutting tool from action: cutting force components decrease slowly, in the cutting zone and cutting tool can be see the most heat-affected outgoing chip. During the turning of cast iron EN-GJL-100 was created above all elementary, respectively needle chip.
In the mean value of the selected cutting speed vc=70m.min -1 began to show tendency of material to create "continuous" chips, which can be seen in the second captured frame of Figure 9 . On next frames, can be seen that when reaching of maximum size (spiral with about 1 mm diameter), chip was broken away, which made case a sudden increase and decrease of the components of cutting force. When turning titanium alloy Ti-GR2 there were in the first moments of intrusion of cutting tool to the action (1 st and 2 nd frames of Figure 10 ) vibrations due to the microstructure and mechanical properties that are exhibited primarily by high power pulses of cutting force component Ff. The influence of these vibrations caused the helically wound chip was formed. After stabilization of the cutting process, it can be seen that at a current cutting conditions (see Table 1 ) were formed intertwined coil chip or long ribbon chip. While turning of nickel alloy Monel 400, the similar phenomena was occurred as in turning of titanium alloy Ti-Gr2 when cutting tool was going into action, but power pulses were not too pronounced. The 1 st frame of Figure  11 can be seen that after intrusion of cutting tool into action almost elementary chip formed, which was changed to a flat spiral chip over time after stabilization of cutting process (2 nd frame of Figure 11 ).
Microstructure and mechanical properties of the materials caused that almost throughout the cutting process the built-up edge was formed. The components of cutting force during the formation of built-up edge and its subsequent "holding on" the front face of the cutting tool grew, respectively were very high. After being picked, components of cutting force decreased sharply down. In the new creation of built-up edge, the whole process was repeated. This iterative cycle resulted in a specific shape of waveform of components of cutting force. In the 3 rd captured frame of Figure 11 is seen built-up edge and increased components of cutting force. On the last frame of Figure 11 is captured moment immediately after being picked of built-up edge. 
CONCLUSIONS
Designed multifunction measuring system for monitoring processes in cutting zone respect to deformations, temperature field, the formation and shape of the chip allow studying mentioned phenomena directly in the cutting process without interruption. Measured values can thus be evaluated in certain dependencies that exist between them.
The main benefit of multifunction measuring system consists of a comprehensive evelauation of processes occurring during the machining process in one experiment with emphasis on the dependency between the monitored dynamic phenomena.
With the onset of new material whose mechanical properties and also their structure exceed conventionally used materials, are increasing requirements on the conditions and methods of machining. Examined materials such as nickel and titanium alloys are increasingly promoted with developing technologies in manufacturing processes, especially in sectors where are the requirements for low weight, high heat resistance and creep resistance.
Using the multifunction measuring system and from the measured values can be better to intensify the production process, cutting conditions and subsequently improving quality of products. In relation with simultaneous monitoring of the processes occurring in the cutting zone during the machining process allows also to save costs by reducing the minimum number of samples. The observation of the deformation in the cutting zone, creation, formation and shaping of chip is also possible to optimize the shape of the cutting exchangeable inserts. 
